Introduction {#S0001}
============

Human papillomavirus (HPV) is the most common sexually transmitted infection in the United States. Each year, HPV infections result in the diagnosis of HPV-related cancers for more than 40,000 men and women -- HPV is associated with 90% of all anal and cervical cancers; 70% or more of all oropharyngeal and vaginal cancers, and more than 60% of all penile and vulvar cancers.^[1](#CIT0001),[2](#CIT0002)^ To prevent HPV-related infections and cancers, the Advisory Committee on Immunization Practices (ACIP) recommended a three-dose series of HPV vaccine for 11- to 12-year-old girls in 2006 and for boys in 2011.^[3](#CIT0003),[4](#CIT0004)^ In December 2016, the ACIP revised the recommendation to a two-dose series for immunocompetent adolescents beginning the series prior to their 15th birthday, when the two doses are given at least 6 months apart.^[5](#CIT0005)^ Persons aged 15--26 years and those with compromised immune systems are recommended to complete a three-dose vaccine series.^[5](#CIT0005),[6](#CIT0006)^

Since ACIP recommended HPV vaccination for all adolescents, vaccination coverage has increased gradually among females and more rapidly among males. In 2017, coverage with ≥1-dose of HPV vaccine was 65.5% among adolescents aged 13 through 17 years; coverage was 68.6% among females and 62.6% among males.^[7](#CIT0007)^ While vaccination coverage with ≥1-dose of HPV vaccine continues to increase, coverage has not reached the level seen for other vaccines recommended for preadolescents aged 11--12 years -- tetanus, diphtheria and acellular pertussis vaccine (Tdap) and quadrivalent meningococcal conjugate vaccine (MenACWY). In 2017, coverage with ≥1-dose of HPV vaccine was 23.2 percentage points lower than coverage with ≥1-dose of Tdap and 19.6 percentage points lower than coverage with ≥1-dose of MenACWY.^[7](#CIT0007)^ Reasons for the lower coverage with ≥1-dose of HPV vaccine in comparison to coverage with Tdap and MenACWY are not fully understood; however, state requirements of Tdap and MenACWY vaccination for school enrollment may be a factor.^[8](#CIT0008)^ Additionally, lack of a strong provider recommendation for HPV vaccination at age 11--12, lack of awareness of the HPV vaccine, low perceived risk of infection, and safety concerns about the vaccine have been reported by parents as major barriers to HPV vaccine initiation.^[9](#CIT0009)--[11](#CIT0011)^

Based on analysis of the 2016 National Immunization Survey -- Teen (NIS-Teen) data, urban-rural disparities (as defined by the MSA status variable) in HPV vaccination initiation (receipt of ≥1dose of HPV vaccine) were observed among adolescents,^[12](#CIT0012)^ similar to other previously published studies.^[13](#CIT0013)--[16](#CIT0016)^ In 2017, the disparity in HPV vaccination initiation among adolescents living in MSA non-principal cities (suburban areas) compared to those living in MSA, principal cities (mostly urban areas) remained the same.^[7](#CIT0007)^ However, the disparity in HPV vaccination initiation among adolescents living in non-MSAs (mostly rural areas) compared to those living in mostly urban areas decreased by 5 percentage points -- from a difference of 16 to 11 percentage points.^[7](#CIT0007),[12](#CIT0012)^

The decrease in the magnitude of the urban-rural disparity in HPV vaccination initiation observed during 2016--2017 is promising. However, determining whether the disparities in coverage is on the decline requires monitoring over time. The purpose of this analysis was: 1) to examine trends in HPV vaccination initiation coverage by MSA status and 2) to examine trends in disparities in HPV vaccination initiation coverage by MSA status during 2013--2017. The examination of trends in HPV coverage by MSA status will allow us to determine if targeted interventions toward rural populations are needed (e.g., if the disparity between urban and rural populations is increasing or remains the same over time) or if trends should continue to be monitored (e.g., if the disparity between areas is decreasing) without immediate action.

Methods {#S0002}
=======

The survey {#S0002-S2001}
----------

The National Immunization Survey -- Teen (NIS-Teen) has been conducted annually since 2006.^[17](#CIT0017)^ The survey collects data on vaccines received by adolescents aged 13--17 years in the 50 states, the District of Columbia, selected local areas, and selected territories. NIS-Teen is conducted among parents or guardians of age-eligible adolescents identified using a random-digit-dialed sample of landline and cellular telephone numbers. The survey occurs in two phases. In the first phase, parents and guardians of eligible teens are interviewed by telephone. During the telephone interview, information is obtained on the sociodemographic characteristics of the teen and household and contact information and consent to contact the teen's vaccination providers are requested. In the second phase, vaccination providers are mailed a questionnaire requesting the vaccination history from the teen's medical record. Vaccination coverage estimates are based on provider-reported vaccination histories. We used NIS-Teen data from 2013 to 2017 for our analysis.

Measures {#S0002-S2002}
--------

We combined 5 years (2013--2017) of NIS-Teen data on adolescents aged 13--17 years in the 50 states and the District of Columbia. The outcome of interest was HPV vaccination initiation (receipt of ≥1-dose of HPV vaccine). We estimated coverage with ≥1-dose of HPV vaccine among adolescents aged 13--17 years for each survey year, by MSA status, and by select demographic subgroups (i.e. sex, race/ethnicity, and poverty level). Additionally, we assessed the trends and variations in initiation of HPV vaccine among adolescents aged 13--17 years by MSA status and survey year. Since ACIP recommends administration of HPV vaccine during the same pre-adolescent visit as Tdap and MenACWY, we also examined the trends in coverage and disparities by MSA status for Tdap and MenACWY to determine whether these variations in coverage by MSA status were unique to the HPV vaccine.

The three-level metropolitan statistical area (MSA) categorization is based on the legal statistical area designation (city, town, village, census-designated places, or townships), county of residence, and the principal city designation, as defined by the US Census Bureau.^[18](#CIT0018)^ The U.S. Census Bureau defines an MSA as an area that consists of at least one urban area with a population of at least 50,000 inhabitants.^[18](#CIT0018)^ The principal city is the largest city in each metropolitan statistical area. Each county is designated as being either an MSA county or a non-MSA county. When the statistical area was a principal city and in an MSA county, then it was categorized as an MSA principal city. When the statistical area was not a principal city but it was in an MSA county, then it was categorized as an MSA non-principal city. When the statistical area did not belong to an MSA county, the area was categorized as Non-MSA. MSA categories can be interpreted as approximating mostly urban areas (MSA principal city), suburban areas (MSA non-principal city), and mostly rural areas (non-MSA).

Statistical analysis {#S0002-S2003}
--------------------

Data were analyzed using SAS®9.4 Survey Procedures to account for the complex survey design. To adjust for non-response and phoneless households, the data were weighted. Stratifying by MSA status, vaccination coverage estimates for ≥1-dose HPV vaccine, ≥1 MenACWY, and ≥1 Tdap were computed using weighted bivariate analysis. Additionally, for ≥1-dose HPV vaccine, weighted bivariate analysis was conducted to produce vaccination coverage estimates stratifying by MSA and select characteristics (i.e. poverty status, sex, and race/ethnicity). Weighted linear regression^[7](#CIT0007),[12](#CIT0012),[19](#CIT0019)^ was used to estimate the average annual percentage point change in coverage with ≥1-dose of HPV vaccine, ≥1 MenACWY, and ≥1 Tdap among adolescents aged 13--17 years by MSA status from 2013 to 2017. The weighted linear regression analysis was also used to estimate the average annual percentage point changes in coverage with ≥1-dose of HPV vaccine among adolescents stratifying by MSA status and select characteristics. The reciprocal of the estimated variance of vaccination coverage estimates was used for weighting. We used the estimated slope from the linear regression to measure the change in value each year and tested whether the slope was significantly different from 0 (*p* \< .05).^[19](#CIT0019)^ T-tests were used for statistical comparison of differences in HPV vaccine initiation coverage by MSA status and survey year. The differences reported were statistically significant at *p* \< .05.

Results {#S0003}
=======

During 2013--2017, the NIS-Teen national sample included data regarding 103,074 adolescents aged 13--17 years from 50 states and the District of Columbia -- 39.9% lived in mostly urban areas 39.2% lived in suburban areas, and 20.9% lived in mostly rural areas ([Table 1](#T0001)). Overall, about half of the adolescents in the sample were male (51.1%), white non-Hispanic (53.6%), with private insurance (51.6%). The majority were living in households at/above poverty level (76.6%). A large percentage of mothers of adolescents in the survey were older than 44 years (47.0%) and were college graduates (38.2%). During 2013--2017, 23.3% of all adolescents did not have an 11--12-year preventive care visit. One-third (32.9%) of all parents reported not receiving a provider recommendation for vaccination with HPV vaccine for their adolescent ([Table 1](#T0001)).10.1080/21645515.2019.1671765-T0001Table 1.Characteristics of adolescents 13--17 years by Metropolitan Statistical Area (MSA) Status\* and nationally, National Immunization Survey -- Teen, United States, 2013--2017. United StatesMSA Principal CityMSA Non-Principal CityNon-MSA (*N* = 103,074)(*N* = 41,110)(*N* = 40,389)(*N* = 21,575) Sample (*n*)Weighted % (95% CI)Sample (*n*)Weighted % (95% CI)Sample (*n*)Weighted % (95% CI)Sample (n)Weighted % (95% CI)**Year of Birth**92523100.0 (-- -- --)36857100.0 (-- -- --)36150100.0 (-- -- --)19516100.0 (-- -- --)199653606.3 (6.0--6.6)20236.2 (5.7--6.7)21006.1 (5.7--6.5)12377.0 (6.2--7.7)1997965311.1 (10.7--11.4)379810.7 (10.1--11.4)375311.2 (10.7--11.9)210211.3 (10.5--12.2)19981384615.4 (14.9--15.8)546214.7 (14.0--15.4)536115.7 (15.0--16.4)302316.1 (15.2--17.0)19991822919.6 (19.2--20.1)721219.8 (19.0--20.6)716119.4 (18.7--20.1)385619.8 (18.9--20.8)20001925420.5 (20.0--21.0)778021.0 (20.2--21.8)749120.5 (19.8--21.2)398319.3 (18.4--20.3)20011529416.0 (15.6--16.4)612416.4 (15.6--17.2)604115.7 (15.0--16.3)312915.9 (15.0--16.9)20021088711.2 (10.8--11.5)445811.1 (10.5--11.7)424311.4 (10.8--12.0)218610.5 (9.8--11.3)**Sex**103074100.0 (-- -- --)41110100.0 (-- -- --)40389100.0 (-- -- --)21575100.0 (-- -- --)Female4914048.9 (48.3--49.5)1973949.1 (48.2--50.1)1913448.8 (47.9--49.7)1026748.7 (47.5--49.9)Male5393451.1 (50.5--51.7)2137150.9 (49.9--51.8)2125551.2 (50.3--52.1)1130851.3 (50.1--52.5)**Race/Ethnicity**103074100.0 (-- -- --)41110100.0 (-- -- --)40389100.0 (-- -- --)21575100.0 (-- -- --)White, non-Hispanic6467053.6 (53.0--54.2)2042141.9 (41.0--42.8)2798959.1 (58.2--60.0)1626069.7 (68.5--70.8)Black, non-Hispanic964813.9 (13.5--14.3)578219.1 (18.4--19.8)278810.7 (10.2--11.3)10789.4 (8.7--10.2)Hispanic1784222.8 (22.3--23.4)1024528.5 (27.5--29.4)552520.9 (20.0--21.8)207212.5 (11.7--13.4)American Indian/Alaska -Native, non-Hispanic14390.9 (0.8--1.0)3130.5 (0.4--0.6)3550.7 (0.6--0.8)7712.7 (2.4--3.1)Asian, non-Hispanic37814.0 (3.7--4.2)19334.9 (4.5--5.4)15864.0 (3.7--4.4)2620.9 (0.7--1.2)Multiracial, non-Hispanic52424.6 (4.3--4.8)22514.9 (4.5--5.3)19554.3 (3.9--4.6)10364.6 (4.2--5.1)Native Hawaiian, Pacific Islander, non-Hispanic4520.3 (0.2--0.4)1650.3 (0.2--0.4)1910.3 (0.2--0.5)960.2 (0.2--0.3)**Mother's Age**103074100.0 (-- -- --)41110100.0 (-- -- --)40389100.0 (-- -- --)21575100.0 (-- -- --)≤ 34 years83899.1 (8.8--9.5)367410.3 (9.8--10.9)26757.7 (7.2--8.2)204010.7 (10.0--11.4)35--44 years4238243.9 (43.3--44.5)1660443.7 (42.7--44.6)1582042.3 (41.5--43.2)995850.3 (49.1--51.5)\> 44 years5230347.0 (46.4--47.5)2083246.0 (45.0--46.9)2189450.0 (49.1--50.8)957739.0 (37.9--40.2)**Mother's Education**103074100.0 (-- -- --)41110100.0 (-- -- --)40389100.0 (-- -- --)21575100.0 (-- -- --)\< High school1209313.5 (13.1--13.9)611016.7 (15.9--17.5)355510.9 (10.3--11.6)242813.0 (12.2--13.9)High School1691623.0 (22.5--23.6)656622.3 (21.5--23.2)587821.7 (20.9--22.5)447230.0 (28.9--31.2)\> High school, some college2721825.3 (24.8--25.8)979823.7 (22.8--24.5)1062325.5 (24.7--26.2)679729.6 (28.6--30.6)College graduate4684738.2 (37.7--38.7)1863637.4 (36.5--38.2)2033341.9 (41.1--42.8)787827.4 (26.3--28.4)**Income to Poverty Ratio**^†^103074100.0 (-- -- --)41110100.0 (-- -- --)40389100.0 (-- -- --)21575100.0 (-- -- --)\< 133% of federal poverty1937323.8 (23.3--24.3)959829.0 (28.1--29.9)547818.0 (17.3--18.8)429728.8 (27.6--29.9)133% to \< 322% of federal poverty level3624637.3 (36.8--37.9)1357436.3 (35.4--37.2)1312136.0 (35.2--36.9)955145.1 (44.0--46.3)322% to \< 503% of federal poverty level2174818.1 (17.7--18.6)770515.4 (14.8--16.1)970621.2 (20.5--21.8)433715.5 (14.7--16.4)≥ 503% of federal poverty level2570720.7 (20.3--21.2)1023319.3 (18.6--20.0)1208424.8 (24.1--25.5)339010.6 (9.9--11.2)**Poverty Level (2 level)**99648100.0 (-- -- --)39616100.0 (-- -- --)39106100.0 (-- -- --)20926100.0 (-- -- --)Below poverty level1848623.4 (22.9--23.9)913328.5 (27.5--29.4)519917.5 (16.8--18.3)415429.0 (27.9--30.2)At/Above poverty level8116276.6 (76.1--77.1)3048371.5 (70.6--72.5)3390782.5 (81.7--83.2)1677271.0 (69.8--72.1)**Insurance Status**103074100.0 (-- -- --)41110100.0 (-- -- --)40389100.0 (-- -- --)21575100.0 (-- -- --)Private Insurance5979851.6 (51.1--52.2)2227346.4 (45.5--47.4)2635258.7 (57.9--59.6)1117342.0 (40.8--43.2)Any Medicaid3041135.5 (34.9--36.1)1342840.2 (39.2--41.1)948329.2 (28.4--30.1)750044.0 (42.8--45.2)Other Insurance85997.9 (7.6--8.2)34337.7 (7.2--8.2)32147.8 (7.4--8.3)19528.6 (7.9--9.2)No Insurance42665.0 (4.7--5.2)19765.7 (5.3--6.2)13404.2 (3.8--4.6)9505.5 (4.9--6.2)**Had 11- to 12-year preventive care visit**103074100.0 (-- -- --)41110100.0 (-- -- --)40389100.0 (-- -- --)21575100.0 (-- -- --)Yes4809544.9 (44.3--45.5)1919343.7 (42.7--44.6)2104448.8 (47.9--49.7)785834.8 (33.7--36.0)No2527123.3 (22.8--23.7)871521.9 (21.1--22.7)817320.2 (19.5--20.9)838338.3 (37.2--39.5)Don't know2970831.8 (31.3--32.4)1320234.4 (33.5--35.4)1117231.0 (30.2--31.8)533426.8 (25.8--27.9)**Received provider recommendation for HPV vaccine**94406100.0 (-- -- --)37514100.0 (-- -- --)37224100.0 (-- -- --)19668100.0 (-- -- --)Yes6571867.1 (66.6--67.7)2671868.2 (67.3--69.2)2657368.1 (67.2--68.9)1242760.4 (59.2--61.6)No2868832.9 (32.3--33.4)1079631.8 (30.8--32.7)1065131.9 (31.1--32.8)724139.6 (38.4--40.8)**Provider Facility Type**102445100.0 (-- -- --)40858100.0 (-- -- --)40181100.0 (-- -- --)21406100.0 (-- -- --)All Public Facilities1501315.1 (14.7--15.6)504115.2 (14.4--15.9)374811.0 (10.4--11.7)622429.6 (28.5--30.8)All Hospital Facilities114939.6 (9.3--10.0)515410.8 (10.3--11.4)39318.7 (8.2--9.2)24089.3 (8.6--10.0)All Private Facilities5004152.4 (51.8--53.0)2113852.3 (51.3--53.3)2350459.4 (58.5--60.3)539927.4 (26.3--28.4)All School/Other16801.8 (1.7--2.0)7452.0 (1.7--2.3)5931.8 (1.5--2.1)3421.6 (1.4--2.0)Mixed2273219.7 (19.3--20.2)809418.5 (17.8--19.2)776417.6 (16.9--18.2)687431.3 (30.2--32.4)All Military/All WIC Clinic Facilities, All Pharmacies14861.3 (1.2--1.5)6861.3 (1.1--1.5)6411.5 (1.3--1.7)1590.8 (0.6--1.0)[^1][^2]

HPV vaccination initiation increased both nationally and by MSA status area; the slopes were significantly different from 0 (*p* \< .05). Nationally, coverage with ≥1-dose of HPV vaccine increased from 44.9% to 65.5% from 2013 to 2017; the average annual increase was 5.1 percentage points. In mostly urban areas, coverage with ≥1-dose of HPV vaccine ranged from 49.0% to 70.1% over the five-year period for an average annual increase of 5.2 percentage points. In suburban areas, coverage with ≥1-dose of HPV vaccine ranged from 43.8% to 63.1% for an average annual increase of 4.9 percentage points. HPV vaccination initiation among adolescents living in mostly rural areas ranged from 36.5% to 59.3% over the five-year period for an average annual increase of 5.2 percentage points ([Figure 1](#F0001)).10.1080/21645515.2019.1671765-F0001Figure 1.Coverage with ≥1 HPV vaccine among adolescents aged 13--17 years by MSA status and nationally, NIS-teen, 2013--2017.Footnotes:AAPPC = Average annual percentage point change. \*Statistically significant (*p* \< .05) percent point increase compared to the previous year.† Statistically significant average annual increase/decrease

HPV vaccination coverage increased each year in all MSA areas. However, disparities in vaccination coverage between MSA areas were observed; these differences did not significantly change over time -- the slopes of the differences did not significantly differ from zero ([Figure 2(a-c](#F0002))). HPV vaccination initiation was 11--16 percentage points lower for adolescents living in mostly rural areas compared to those living in mostly urban areas ([Figure 2(a](#F0002))), 5--9 percentage points lower for adolescents living in suburban areas compared to those living in mostly urban areas ([Figure 2(b](#F0002))), and 4--8 percentage points lower for adolescents living in mostly rural areas compared to those living in suburban areas ([Figure 2(c](#F0002))).10.1080/21645515.2019.1671765-F0002Figure 2.(a). Disparities in HPV vaccination initiation among adolescents aged 13--17 years living in mostly urban vs. mostly rural areas, NIS-teen 2013--2017. Between 2013 and 2017, the estimated average annual percentage point change in the difference in coverage between mostly urban and mostly rural areas: 0.0, *p* = .98. (b). Disparities in HPV vaccination initiation among adolescents aged 13--17 years living in mostly urban vs. suburban areas, NIS-teen 2013--2017. Between 2013 and 2017, the estimated average annual percentage point change in the difference in coverage between mostly urban and suburban areas: 0.3, *p* = .50. (c). Disparities in HPV vaccination initiation among adolescents aged 13--17 years living in suburban vs. mostly rural areas, NIS-teen 2013--2017. Between 2013 and 2017, the estimated average annual percentage point change in the difference in coverage between suburban and mostly rural areas: −0.3, *p* = .59.

To determine whether these disparities by MSA status were unique to the HPV vaccine, we examined trends in coverage and disparities by MSA status for Tdap and MenACWY -- other vaccines routinely recommended for preadolescents aged 11--12 years. Compared with adolescents living in mostly urban and suburban areas, those living in mostly rural areas had significantly lower coverage with ≥1-dose MenACWY ([Figure 3(a](#F0003))). Over the five-year period, coverage with meningococcal vaccine was similar between suburban and mostly urban areas whereas the difference in coverage with ≥1-dose MenACWY between mostly urban and mostly rural areas ranged from 7.4 to 16.9 percentage points ([Figure 3(b](#F0003))). During 2013--2017, there was a significant decrease (*p* \< .01) in the disparity in coverage between mostly urban and mostly rural areas for MenACWY vaccine ([Figure 3(b](#F0003))). Coverage with ≥1-dose of Tdap vaccine was significantly lower among adolescents living in mostly rural areas compared with those living in mostly urban and suburban areas from 2013 to 2015. However, in 2016 and 2017, there were no disparities in ≥1-dose of Tdap vaccination coverage by MSA area ([Figure 4](#F0004)).10.1080/21645515.2019.1671765-F0003Figure 3.(a). Disparities in ≥1 MenACWY vaccination coverage among adolescents aged 13--17 Years by MSA, NIS-teen, 2013--2017. Footnotes: \* Statistically different from adolescents living in both mostly urban and suburban areas (*p* \< .05). (b). Disparities in ≥1 MenACWY vaccination coverage among adolescents aged 13--17 years living in mostly urban vs. mostly rural areas, NIS-teen 2013--2017. Between 2013 and 2017, the estimated average annual percentage point change in the difference in coverage between mostly urban and mostly rural areas: −2.2, *p* \< .01.10.1080/21645515.2019.1671765-F0004Figure 4.Disparities in ≥1 Tdap vaccination coverage among adolescents aged 13--17 Years by MSA, NIS-teen, 2013--2017.Footnotes:\* Statistically different from adolescents living in both mostly urban and suburban areas (*p* \< .05).

Additional analyses were conducted to examine the trends in coverage with ≥-1dose of HPV vaccine among subgroups of adolescents by MSA status and whether similar trends in urban-rural disparities exist among these subgroups. From 2013 to 2017, significant increases in coverage with ≥1-dose of HPV vaccine were observed among adolescents in each MSA regardless of sex, race/ethnicity, and poverty level (Supplementary Figure 1a -- 3b). Despite significant increases in HPV vaccination initiation observed over the five-year period, urban-rural disparities among subgroups of adolescents persisted over time. The five-year average annual percentage point change in the difference in HPV vaccine initiation between mostly urban and mostly rural areas did not change significantly among females (*p* = .19) (Supplementary Figure 1a.) or among males (*p* = .38) (Supplementary Figure 1b.). Additionally, the average annual percentage point change in the difference in HPV vaccination initiation between mostly urban and mostly rural areas did not change among white, non-Hispanic (*p* = .65) (Supplementary Figure 2a.) or Hispanic adolescents (*p* = .92) (Supplementary Figure 2c). While there was no change in the difference in HPV vaccination initiation between black non-Hispanic adolescents by geographic area (*p* = .55), there was also no disparity in coverage with ≥1-dose of HPV vaccine as seen in other racial/ethnic groups (Supplementary Figure 2b). During the five-year period, there was no significant change in the difference in coverage with ≥1-dose of HPV vaccine among adolescents living below the poverty level (*p* = .91) (Supplementary Figure 3a) or at/above the poverty level (*p* = .96) (Supplementary Figure 3b).

Discussion {#S0004}
==========

This study examined the trends in HPV vaccination initiation and disparities in ≥1-dose HPV vaccine coverage by MSA status over a five-year period. From 2013 to 2017, we observed that coverage with ≥1-dose of HPV vaccine increased an average of about 5 percentage points each year among adolescents living in urban, suburban, and rural areas. We also observed that HPV vaccination initiation in mostly rural and suburban areas were significantly lower than coverage in mostly urban areas, and these differences persisted over time. These findings were consistent with previous studies that examined differences by urbanicity^[7](#CIT0007),[12](#CIT0012)--[16](#CIT0016).^

The disparity in coverage with ≥1-dose of HPV vaccine observed between adolescents living within urban areas and outside of urban areas is not well understood. Previous studies have identified several reasons likely responsible for the disparity in coverage observed between geographical areas. Among these reasons are lack of awareness of the HPV vaccine and knowledge on its role in protecting against certain cancers among residents of rural areas.^[20](#CIT0020),[21](#CIT0021)^ Also, there may be a lack of knowledge of HPV vaccination recommendations among rural health-care providers who are likely family and/or general practitioners serving entire rural communities.^[20](#CIT0020)--[22](#CIT0022)^ Vaccination providers in rural areas are not likely to strongly recommend the HPV vaccine for reducing the risk of cancer if they are not themselves educated on the importance of vaccination of children ages 11--12 and prior to exposure to HPV virus. Parents and guardians from a study in rural Alabama stated that a strong provider recommendation would be most influential in initiation of the HPV vaccine series.^[20](#CIT0020)^ This is consistent with other findings that the quality of the recommendation from the health-care provider continues to be a major predictor of HPV vaccination.^[23](#CIT0023)--[27](#CIT0027)^ Provider recommendation for HPV vaccination, at each age-eligible visit, even if parents choose initially not to have their children vaccinated, has been shown to improve vaccine acceptance.^[27](#CIT0027)^

The differences in coverage with ≥1-dose of HPV vaccine by MSA status have remained over time. When MSA status was stratified by select characteristics (e.g. sex, race/ethnicity, and poverty level), the urban-rural disparity persisted over time for all groups except among black, non-Hispanic adolescents. In comparing the trends in coverage and disparities by MSA status for Tdap and MenACWY vaccines, we found similar trends of urban-rural disparities for coverage with ≥1 MenACWY. Urban-Rural disparities for coverage with ≥1 MenACWY are still present but appear to be diminishing. During 2013--2017, an increasing number of states required MenACWY vaccination for school enrollment (pre-2013: 19 states vs. post-2013: 30 states) which likely contributed to increased coverage with MenACWY in rural areas.^[28](#CIT0028)^ Over the five-year period, the disparity in coverage with ≥1Tdap disappeared; however, it should be noted that the urban-rural disparities were observed for coverage with Tdap vaccine from 2013 to 2015. The Tdap vaccine is required for enrollment in secondary schools in the District of Columbia and all states except Hawaii and may partially explain the vanishing urban-rural disparity observed for coverage with the Tdap vaccine.^[29](#CIT0029)^ Other factors associated with the decrease in the urban-rural disparity for MenACWY and Tdap vaccination should be investigated to determine if similar interventions could be targeted toward rural populations to improve vaccination coverage and reduce differences in HPV vaccination coverage by geographical area.

There are at least four limitations in this study. First, biases in estimates may remain after adjustments to minimize nonresponse bias and incomplete representation of the sampling frame due to phoneless households. Second, trends in coverage by survey year could be biased if residual bias remaining after weighting adjustments varied by survey year.^[17](#CIT0017)^ Third, the three-level MSA status categorization lacks granularity to detect differences that might exist within MSA areas. For example, are there differences in vaccination coverage among adolescents living in larger versus smaller urban areas or more or less remote rural areas as suggested in other studies.^[14](#CIT0014),[15](#CIT0015)^ Finally, an assumption of linearity was applied in estimating the average annual percentage point increase by year; if the trend is non-linear, this average may not reflect variations in the rate of increase from year to year.

A better understanding of the underlying factors behind lower HPV vaccine coverage in more rural areas when compared with more urban areas is needed in order to develop targeted interventions appropriate for rural populations. However, one place to start is for health-care providers to incorporate recommendation for and administration of HPV and MenACWY vaccines during the same visit they administer Tdap vaccine.
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